ABSTRACT The coronary and ventricular angiograms of 47 patients with acute myocardial infarction in whom reperfusion was achieved by intracoronary streptokinase were quantitatively analyzed to determine the factors that affect recovery of regional left ventricular function after reperfusion. Hypokinesis in the infarct region was measured by the centerline method and expressed in terms of standard deviations (SDs) from normal. Severity of coronary artery stenosis was measured quantitatively. Hypokinesis showed more significant improvement after thrombolysis in patients with minimum stenosis diameter of greater than 0.4 mm than in those with severe residual stenosis, i.e., stenosis producing a minimum diameter of 0.4 mm or less (1.0 + 1.3 SD/chord, n = 31, vs 0.0 + 0.9 SD/chord, n = 7; p < .05). Improvement in hypokinesis was greater in patients who received thrombolytic therapy within 2 hr than in those treated later (2.1 ± 1 1, n = 8, vs 0.7 + 1.0 SD/chord, n = 28; p < .001). These results indicate that angiographic reperfusion alone may not be sufficient: reperfusion must provide adequate flow and be achieved early to salvage myocardial function. Circulation 71, No. 6, 1121No. 6, -1128No. 6, , 1985 THERE HAVE BEEN many studies of the efficacy of thrombolytic therapy in achieving reperfusion, salvaging myocardial function, and reducing mortality. However, the reported efficacy of streptokinase, the most frequently used agent, in reducing mortality has varied widely in several randomized trials.'-' Randomized studies measuring change in the ejection fraction, a powerful predictor of survival,4 have also had conflicting results.3' 1-One reason is that the ejection fraction may not sensitively reflect changes in regional function at the infarct site because of the influence of compensatory hyperkinesis of the noninfarcted region.Y, 9
THERE HAVE BEEN many studies of the efficacy of thrombolytic therapy in achieving reperfusion, salvaging myocardial function, and reducing mortality. However, the reported efficacy of streptokinase, the most frequently used agent, in reducing mortality has varied widely in several randomized trials.'-' Randomized studies measuring change in the ejection fraction, a powerful predictor of survival,4 have also had conflicting results.3' 1-One reason is that the ejection fraction may not sensitively reflect changes in regional function at the infarct site because of the influence of compensatory hyperkinesis of the noninfarcted region.Y, 9 However, even when regional function was measured, significantly improved function was observed in only 40% of patients with angiographically proven sustained reperfusion,' indicating that factors other than achievement of reperfusion affect the recovery of left ventricular function. The present study was performed to determine the effect of the following factors on recovery of regional left ventricular wall motion in patients undergoing reperfusion: (1) the time delay from onset of chest pain to reperfusion, (2) the severity of residual stenosis at the conclusion of thrombolytic therapy, (3) the severity of acute left ventricular dysfunction, (4) the location and severity of the acute occlusion, and (5) the time from infarction to follow-up study.
Materials and methods
Patient populations. The effect of acute severity of functionã l abnormality, location of thrombosis, and residual stenosis was studied in previously reported patients8 in whom reperfusion was achieved with intracoronary streptokinase therapy. All patients were admitted to the Eppendorf Hospital less than 3 hr after onset of chest pain that was unresponsive to sublingual nitroglycerin and all had 2 mm or greater ST segment elevation without significant Q waves in the leads of ST elevation on the admission electrocardiogram. This group represents 30% of all patients admitted with acute myocardial infarction during the study period and 70% of all patients treated with thrombolytic therapy. The other 30% were excluded because they were ad-mitted more than 3 hr after onset of symptoms. they refused to undergo follow-up angiography. or they had angiograms unsuitable for quantitative analysis or because reperfusion vas not successful.
All patients underwent immediate contrast angiographic examination of the arteries supplying the noninfarcted and infarcted areas. Each then received an intracoronary streptokinase infusion at 4000 U/min until reperfusion, then at 2000 U/min for at least 45 min longer, followed by a ventriculographic examination in the 30 degree right anterior oblique projection. Postreperfusion anticoagulation during hospitalization was achieved with either aspirin and dipyridamole or intravenous heparin. All patients underwent repeat coronary and ventricular angiography 45 + 47 days later. The effect of the timing of follow-up angiography was determined in 13 patients who consented to undergo a third cardiac catheterization late (8 months to 2 years) after thrombolytic therapy.
The time to treatment was defined as the time elapsed from onset of chest pain until thrombolytic therapy was initiated.
The cine films of the ventriculograms and coronarv angiograms were analyzed at the University of Washington.
Analysis of left ventriculograms. The cine films were projected and the end-diastolic and end-systolic endocardial contours were traced from the frames with maximum and minimum volume, respectively, from a normal nonpostpremature sinus beat. No attempt was made to correct for the translational motion of the heart within the chest because (1) the methods of doing so described thus far are arbitrary and empirical, 1) and (2) Analysis of coronary cineangiograms. The coronary cineangiogram obtained at the conclusion of thrombolytic therapy was projected and the contours of the lumen of the infarct artery at the site of thrombosis were traced two or three times by each of two observers and digitized. The diameter of the lumen was measured along chords constructed perpendicular to a centerline drawn in midlumen and corrected for image magnification and pin-cushion distortion as previously described`6 (figure 2). The minimum diameter of the stenosis was determined from the optimal view, or calculated as the mean diameter measured from orthogonal views, and the percent stenosis was calculated.
Statistical analysis. Statistical analysis was performed with Student's t test (to compare two groups of patients and to assess change in arterial dimension between the four to six measurements made before with those made after thrombolytic therapy). linear regression (to correlate two continuous variables), oneway analysis of variance (to compare the function in more than two patient groups), and discriminant analysis (to determine which factors best distinguished patients with improved ventricular function from those without improvement'7). Values are expressed as the mean + SD.
Results
Patient characteristics. There were 41 men and six women ranging in age from 28 to 82 years (mean 52 ± 13 years). Thrombosis was in the left anterior descending coronary artery in 19, the right coronary artery in 21 . and the circumflex artery in seven patients.
Effect of site of thrombosis. None of the patients had a thrombosis located distally in the infarct artery. However, patients with thrombosis of the circumflex had significantly less hypokinesis early after infarction in the infarct region, as viewed in the 30 degree right anterior oblique projection, than patients with thrombosis of the left anterior descending or right coronary arteries. and they exhibited no functional recovery after reperfusion (table 1) 
Computer-assisted image reconstruction method for quantifying coronary artery stenosis. The contours of the arterial lumen are traced in one or two views and entered into the computer with an x-y digitizer. The centerline is straightened (center boxes) and the minimum diameter in each view is calculated from the chord length.
therefore excluded from the subsequent analyses. Lesions of the left anterior descending and right coronary arteries were analyzed together since the severity of hypokinesis measured early after infarction and the magnitude of improvement after reperfusion were similar in their territories (table 1) . Effect of the severity of residual stenosis. The severity of residual stenosis in the infarct artery could be quantitatively assessed in 38 patients. As seen in figure 3 there was virtually no improvement in regional wall motion in patients in whom the absolute minimum diameter of the stenosis was less than 0.4 mm after thrombolysis (mean change = 0.0 0.9 SD/chord, n = 7). This lack of recovery of function could be explained by rethrombosis in only two of the seven cases, and contrasts significantly (p < .05) with that regional function improved more in patients treated within 2 hr than in those in whom streptokinase was administered later than 2 hr after the onset of pain (2.6 + 0.6, n = 6, vs 0.7 ± 1.0 SD/chord, n = 25, respectively; p < .002).
Effect of time to treatment and reperfusion. Figure 4 illustrates the relationship between the magnitude of change in regional function at the infarct site and the time from onset of chest pain to treatment in the 36 patients in whom reperfusion was achieved and who en late ventriculograms, obtained 502 ± 258 days after infarction, could be analyzed. All of the patients were clinically stable between the second and third studies. In the patients in whom reperfusion was successful there was a small but significant late increment in regional wall motion (from -2.8 ± 1. 1 early after infarction to -1. tients with from those without 1 SD or more improvement in regional wall motion at the infarct site. The time to reperfusion was slightly more powerful than initial severity of hypokinesis in distinguishing patients with from those without severe residual hypokinesis (below -2 SD/chord) at follow-up (absolute standardized coefficient = .88 and .78, respectively). Since time to angiographic reperfusion is known in Other factors affecting the evaluation of functional recovery after reperfusion. Our results show that functional recovery after reperfusion is inversely proportional to the severity of regional hypofunction present at the time of acute infarction. These data agree with previous reports that patients with low ejection fractions early after infarction experience greater improvement after reperfusion than patients with higher initial ejection fractions.22 34 This finding is not unexpected, since reperfusion does not result in greater than normal ventricular function. Indeed, because follow-up function in patients undergoing reperfusion does tend toward a common end point, normality, the residual abnormality in ventricular function at follow-up can also be used as a comparative measure of myocardial salvage after thrombolytic therapy if the initial abnormality is similar in the groups being compared.
In our study, the patients with subtotal occlusions before streptokinase therapy had significantly less severe hypokinesis early after infarction than patients with total occlusions. Nevertheless, they manifested as great an improvement in regional function as patients with total occlusions. This is in agreement with previous reports.30' 34 However, one must be cautious in attributing the improvement to thrombolytic therapy since Leiboff et al.5 found that untreated patients with subtotal occlusions also experienced significant improvement in ejection fraction.
Our finding of a further increase in regional function late after reperfusion agrees with a preliminary report by Terrosu et al. 35 although others have observed no late improvement in function. 22 The magnitude of the increase was small compared with that seen in the first few weeks after infarction.
Our results agree with previous reports that reperfusion of either artery results in improved regional function. 31 Another factor reported to enhance functional recovery after reperfusion is the presence of collaterals to the infarct artery.31' 31 This could not be confirmed in the present study because only three of our patients (6%) had collaterals.
We conclude that thrombolytic therapy in patients with acute myocardial infarction has the potential for salvaging left ventricular function. However, simple achievement of angiographic reperfusion may not be adequate. The results of the present study indicate that reperfusion should be achieved very early in the course of infarction, and may need to be supplemented by additional, definitive revascularization procedures to maximize functional recovery.
